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I’hc JI’IJUC’I.A micIogyIcrscoIIc  [cscmblcf a  t’oor lc:It’

Ciovcl  SLIS[)ClldCLi  b y  fool  [1)111  wiles  t’lor]l  [Ilc  gy[  L> SC’  O~)L’

hoosirlg. TtIc [1111,  [he clover struc[urc ad [Iw suspens ions  JIC
II IadC  11(1111 si[lglc  cIys  LIl  s i l i c o n  (f<!&:. I ). A  rIIc[al  pos[ IS ll~iclly
a[(aclicd  thlough [hc ccn[ct  of  [he st[LlclLrrc in [hc  d i r e c t i o n

[)dl[)Clldl  CUlill  [ ( )  [IIC  [)kIIU2  Of  (tIL’  C!OVC{  \C21\rCS, ‘]’})C  [OLII

suspcl  Isl(If  Is  [I[(Iv  ILIc  O]ccl]ar]ica]  s u p p o r t  and rcs[orl[l~  f’orcc>  i’or
[hC ]I:)IHIOIIIC  II K)(iOn r)f [hc WhOi C \[[LICIUrC,  ‘1’hc c’tovcr  Ic:lf
SIILICUIIC  and the nmta[ post haVC  a COOlbl  IKd rrlass  Of abou[  1 ()”s
kg, “1 lIc IImchdaical rrxmnt frcqoencics 01 the f[liclc)p,yrosc[)[)c
),a Iy accwding [(~ dcsiga  in the 300  [0 5 0 0 ”  }17 ratlgc.  ‘1’hc low
rcsmmnl  t’IcqucvIcy is doe 10 the ]ar{:c tnaw  0!  the pos( ar id sot[
susi~clisiolls.  SirIce the rcs[]onse  to ttlc gyroscope is  inversely
iIIO~IOI  lio[lal  [ 0  [hc rcsotmnt  flcqucncy,  ]OW Ic’sooilrl[  fIcqucrIC’y
illclcases the device rcsponsitivity.

l’hc  silicor]  ciovcr-leaf slILIc[u  Ic with the post is bonclcd to
a  quar~z,  basr p l a t e  pottcrrld  with g,olct elec(IcIdcs, I’hc cl(lvcr
leaVCs  piovidr  I:llg,c areas for e l e c t r o s t a t i c  dI iving  artfl
crrpaci[ivc sensin~. ‘]’hc resonator is excited by a~)~llyinp,  aII ,L\(’
volla:c k] [tic capaci tors  associated wi[h [caves 2 arid 3, alId

[Ills cxci[cs  fhc [olatlon  0, about  llIc x  a x i s .  S i n c e  tl]c IfsoIIa(o  I

is syrllrllc[r  ical, 01 ard Oy arc dcg, erwra[c  w i th  rock  ir)~- like

displaccrilcr]t  t’or  LIIC c l o v e r  Icavcs.  “1’bc  clcgcrw[acy  of tt]c Ltrivc
alId s e n s e  rldcs a l l o w s  Q - f a c t o r  alllpliflcat ior) of  nlod:ll
(Iis[]i:icctllc’rlts.  Q-factor  an~[]lificalion of’ t h e  d r  ivc ald Scrlst
rrm{ior] rcd Llccs  drive vcrlta:,e iind inc[cascs  the scrlsi(ivi[y  ot [IIC
device  respcclivcly. ‘1’hc Qfidctor  o f  [his Sylr]tlmtric  rcso[larl[
Srl LIC(LlrC  car! bc very hig, tl since  it cart bC pcrfccdy bolanccd  with
:i fixed center 0(  ~rdvity, and ttlc sun] of  f o r c e s  a[ld rllorllcr]ls
rcsultirl~ lronl tbc vi bra[iot]  II IOLICS  CaII bc zero.

[

1 Si]icor] ClovcI-lc:If
Mct:!l Rcsor(d[ot

h’lctal
Iilcc’[rode

I:lg. 2 txl,lodcd view 0[ the clover-]caf rrlicr(~g,yrosc(~~jc.

Srllcc the post  is  r igidly Frltach  (xl  t o  t h e  L’iovcl-lc:lf

S[lllv[ul  t., rhc r]iovcrl]cr]~s  of tllc ciovcr lcaws tl[inslatc to
r[wvctllc[~(s  0(’  t h e  pos(.  Whcrr the Icaves  osci]la[c  ir] t h e  drl~,c
IIIOCIC, (IIC disl]laccll]cf][  of the post is r]ciir  parallel to the Clotcr
lcalsu IlacL. in [hc y-dircc(ion.  W h e n  a  rotatior]  rdtr  is af,[)licd
ab{mt the ~-axis,  ~oriolis force  a c t s  on (}IC Oscillatirlc  i)ost
caosirlg i t  t o  displact  in tt]c orthop,oo:~l dircclion (i,c,  .\-

dil~.u[ic)tl), I’IIIS [NML  clis[~laccrocr][  I S  rr;tllslatcd back irlto t h e
rocklrl:  Illotlotl  (IY o f  tllc Clovcl Icavcs.  ‘1 hc p o s t  plovidcs a

l.irgc  [’oriolis  roo~)lil]g  ~vlllct)  tr:ir)s[~rs  crlc[py  bctw,ccn tile [WO
or[lloy,ollal  rocklr]g  llIoLics.

ll’t\ll 1<1 C;,frl’l{)N

T h e  Qluc(urc Oi [Ilc sllic~)r] lllicrog,yr(~sco[)c”  is sllowfn I n
I rf,. ?. T h e  rillcrogyloscopc corlsis[s  of  a  quam  tm.sc p l a t e
I]:lltcrllcd  v,, itt] rllctal Clcc[rodcs,  aII(l [lIc s i l i c o n  c l o v e r - l e a f
]cs[)l]at(>r  suspcrldrxl  tIOIII the thick silicon rir[l, ‘1’hc quar[z base
[JlaIc aIId [I]L silicorl riln a r c  bc)r(dcd togct!icr by usirly, l o w
s!l[lrikagc  (IV COrdb]C  clIoxy, “1’trc  dirllcrlsion  o f  (hc s i l i c o n
clo~’cr-lenf  rcsolu[or  is  7 rrllrl x  7  rr]rrl, ttlc dirljc.llsion  o f  crrch
clovcl Icaf is 1.1 lIilII s. 1,1 IIlro, alId tlIc post is 500 ]riiclor)s i n
dlalr)c[cr and 5 r]lni in 1~’rlg[h,  ‘[’he qoa[tz. base  plate  is a sqLairc  I
Clrl x I  cni ard ai]plcrxlrli:i[cly  400  r]licrorls  lhick.  T h e  sc[]sirl~:
calmcitors  0 1  lhr rllicrogyruscopc arc fo! rrlcd hclwcm (’r/AL!
clc~[rodcs  orl [lIc cluat[z.  b:m plate aIId the silicon clowr leaves,
‘l’tic g a p  bc[v,,ecrl  [hc b a s e  cicc[rodcs  ard ttw c l o v e r  Icavcs  is
;lb(l Llr ]() to 20 r]llcrorls.

‘1’hc Iabrica[ion  0 1  [hc siiicorl Clovct-leaf rcsona[or
rc,quir~.s  o n l y  lwu r]lasking  a n d  c(cl]irlg s t e p s  usins bulk
r]licrc)r])z~ctlir)lrl~,  lccl  IIIolo~y,  The fahrica[iori  p r o c e s s  sLylLlcr]cc
f o r  tlIc nlicrogyrosco[]c  is  showrl  ir( lig,3a, lab[icri(ion  hc~, ins
W,ltll tbc smndard  n-tylw  <100>  doLlble s i d e  pcrlishecl  s i l i c o n
wwfcr t h a t  lItIs Iv,,o silicorl’ c[]llay~~rs  growrl  OII top.  “l’tic bo[[or[l

laycI is a 4 micron [)+ ( 1020 ‘trororl dopd) etch sto[) Iaycr. The
[(III  layer  is  a  2(, nlic[on  rl-~y~~c silicon  c~)ilayct,  A 1000~ laycl-
of  tllerljlal  silicor]  dioxide is cIov,,[I  on the wafer and r)atlcrlmd. .
w i t h  ttlc clclver  leaf pa[terli,  ‘1’tlis  pat[errlcd  o~idc  layc,  I is Lrsed a s
a  [IL:I<k for l;l)[’ c[chl rig of  [hc 26 r]jicroll  silicc]rl e[]ilaycr  to tllc
p+ ctcll-sto[,  layer.  }\ll fca[urcs  of’  the c l o v e r - l e a f  pa[(crn  rLirt
olon~  lhc crystal pla IIcs, rcsol[ir]~,  in very srrtoo[tl  shapes.  l’bis
Is d(lc [0 [lIc s e l e c t i v i t y  o f  tl]c ~inisotrcr[]ic  lil)l> e t c h  w,hich
aL]roi  Imtic ally []rovidcs  very prccisc  dirllcr~sio[ls  and s h a p e  f o r
III(’ suspcrtsror]s.  “I”his  is  very ir]lpor[ar][ f o r  [Ile rt)icrogyroscopc
p~llt)rr[[arlct’ since  [}IC  nlcrdc  Stla[m arid rcsorl:irlt  frc’qLtcncics  arc.
att~~crcd  by arty dcv Icc a<yr[lritctrici,

Aa S1.hl  piclu[t> of (tIL,  e[chcd profiltx  0 1  tltr clowr ]caf
st[uct~ll~. is slmwll  iri f:rp,, 4. After the WC1 ctclj [}IC thcrrrlal oxide
II  I:I\k  is s[rippc(l  av,:iy  irl boll”crul  11[:, ‘ l ” h i s  i s  t’olloi~’cd b y  a
3000A [I)ick [Ilcrlrlal s[]icorl  d i o x i d e ,  ‘1’hc silicrrrl  d i o x i d e  or]
Imck  of  the r]~icrogyrusco[)c  is [hrrl pattclr]ecl  wd the d e v i c e  i s
ap, air) c[chcd  in 1{1 )1], ‘1’his cwh  rcr[((lvcs all{mst a l l  t he  silic or)
sut)s[r;i[c ar)d s[ops [it the p+ c[ctl-s[op  layer,  h}c~t, [hc w a f e r  i s
clc:Ivcd in[o indiv idual  devices  and  sc[]ara[cd, ‘1’tw clcnvd
dcviccs a(c tlwn etckl in 1:3:8 tlNA (}120Z:  llNoj: (} 1~(’()()11)

Or]til [t]c [~+ s[(~~]-c[cb iaycr  is  rc[[lovcd.  l;tr]ally,  tlIc o x i d e  Iaycr
i s  s[[i[d av,f:iy in buflcrrxl I [l;, ‘1’hc rcrllovai  of bo[h tlIc p+ layer
ar)d [tw silicorl  dioxldc  layers  rcnloves  stress p,l:ldicrl[ w,hi(.h can
caaw waI ~mp,v o! [hc clover leaf  strLlctorc.

I’IIc fabrication] process of  [hc quartz  bosc  plate consists of
tw’[~ !i[lmrraphy a n d  e t c h i n g  steps  rr~ sbou,  n ir] };ig. ~b, A ]Ioic
i s  frrs[ drll[cd  into tbc qLI;II[Z  base  [Ilatcs  f[)r (tic p<)st, T h i s  !S
f{~llotvcd by the ~)a[tcrrlil]~ arid c.[chirlg  of tlIc qLlari/.  I>a(c [o t h e
drl)[l  I of  10 ro 20 lllicr(~r]s  u s i n g  tll:. I’his  p r o v i d e s  t h e  ~,ap
s[ML’illg t~l[t[ sCptlra[CS  thC slllCOrl C’]OVCr  lCilVCs tlll[l [hC
CIU’[IOLICS  011 [he (]oa IU pla(c. N e x t ,  a  C’r/Ao r]]c(alliza~iorl  is
cv;l[wra[cd  orlto ttrc w h o l e  qoarty  plate,  21r1L[ is ctclvxl  10 g,ivc thr
clcu(rodts  ])a([er[)s. ‘1’hen, [hc quar~/. p l a t e  i s  d i c e d  i n t o
irtdividual dcvlccs. T h e  silic(lll rcsor]ato[ a[id [Ilc qo:l(t( b a s e
[]l~!t~, arc [her] borl(lc.d [ogc(t)cr  0S10:  LJV cur~tblc  c~)(~xy,  A l l
dcviccs  arc first Icstcd for r~s[)rlarlt  t’rcqucllcics ard  rIIodc  slla[Ics.



1)

2)

3)

‘1)

1 St thc[lllal oxide ~IoWltl and p;ltlclltit]g,,
[opsiclc  s i l i c o n  cpil:ly(q  1{1)1’  c[ch,

—— _____J
Stri[)cd otl’ 1s[ thcrl]lal oxide,
jIICl oxide grow[tl  and pa(tcrning.

IIacksidc  1{[)1)  etch

l’i~. 3tI l“:t[)ricatiol) ~~roccss  of the s i l icon Clover-leaf s[ruclurc.

[---7 ,, *“..__ . . ..l

1) }It’  c[chrrlg of  tlic c]uart~  base [Ila[e.

(: ON’I’l/O  I/” AN1)  l<ltA1)OL1’1’  ltI,ltC’1’ltONICS

III order 10 dcsi~l] Ihc clcchonics  for ac[uatiris  :IIKI  serisir)y
[tic ]l)iuro~,ylc)sco[)c,”  an Clcc[rical rrmdcl of the rllicro~yrosco[~e
is (Icl ivcd and  :Irlaly?cd,  “1’IIc m o d e l  dcsc[it>c(l irl ltlis Sccti[]rl
i!lvcs  :1 CO III[)ICIC  dcscri[)[ion of t h e  frcqucr]cy  rcsl)orlse Of ttlc
rllic[c)gyl(~sco[)c. lr]rpor~{irl(  pzrrasi[ic cfl’ccts, such as inrcrpla[c
caj]:lci(tillccs ard rl)cutlarlical  cou[]lirlp,  bc(v,, ccr] [tic o[tt]o~or]:il
rtmdc~  Uldrr no rota(iolr, arc included in [he nmicl.  l:ig. 6 sbo~vs
tllc Iloslc clcctric:ll lIloclcl V,ftlich gives [hc exci[:ltic>rl-[[j-sense
IIar]slcr Iullc[iorl, if~ /(Jl or c3/c4 , Crf tbc rliicro~yroscc)[jc
t:lklnt: orlc Imir o f  ol]l~ositc t]latcs al a  tirr)c,  ‘1’t)c  [Ilcctl:lrlic;tl

,,
ulrcuit  which  i s  Cxcr[c[l via [lIc dc[]crdcr]( soulccs /j~l and /j;7

~~lllcll corlllrlunicatcs t~ltb [hc port volurk,,c  ;1 N,(I  ;;

Ics[mtivcly ( 3 rcprcscrlls t h e  dcllcc[io[l/volt  ill [hc pia[cs at
7crcl frequency).

I ‘ig. 4 SliA4 [)homgraph  of the cortlcr-  bctv,,ccn the susl,cr]siot)
zrrd the ccntcr of ttlc clover-leaf struc[ure dcrrlor lstr:llir]g, the
stl:l[jlrwss  and p[ccisiou  of [hc c[chi[lg  p r o c e s s .

};I:,, 5  Sf{M ptlo[t]gr:ll)l]  ofan asscrlll)lc(l tllic[ogytos:opc”

‘1’lIc clt’cct 01 tt]c r!lcctlarlical  rrloliorl  or) IIlc clcc[ricrrl  p o r t s

irl tLrrrl  is ~,ivcn by Lt]c  dc(wrldcr]t s o u r c e s (Ij,ill  ‘1’hc  irlterplatc
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[)dlasi(ic  rcsistar)cc  arkd  ca~)aci[ancr  3[C glVCIl

lL’s[)cL’[lvc’ly,  -f’hc  dcpcf)dcr]t  SOLll CC J1O ~<.L(

i]d[mxl  k.fl[i V,,hlcll  is lur~tmr  e x p l a i n e d  in [Ilc

h y R,, al iii C,, L-. } 4
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i
I S  t h e  C.orlolis

Ilcx[  para~,,l:l[]ll,
‘1’hc Irallsfci I’orlctior] ~JrcdicLccl by [I]is [tlodcl (wittl (11. 6 aild,

hCIICC, dti, = 0)  i s  Shov.’[[ iri I;ig,7 io whicl)  [he [mtcb :1( 0),, i s

r]minly  d~lc [0 [tic  pardsl(ic  c a p a c i t a n c e  ~.’
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I;lg. 7  flxcit;ltiorl- t[)-c)ll[[~l]t (rar)sfcr fullc[ion ob[atrd frorli ttic
omclcl  ill I;lg, 6, ~ ;1 I

}:ig 9 (;ot[l~]lctc elcc[[  ical IIlo(icl  o f

- - - - -  - - - - -  - - - - -  .  . - - - -  - -

l;l~. 8 Stlows [hc cxpc[ir]lclllal  [rallstcr  fL]rlc[i(]tls  of’ each
pail of opposilc  piatcs of  a  lr)icl-o~yrosCOpc ~vhosc or [hclgonal
rtsollarl[  Iliodcs ((lrivc ar](l  scIjsc)  3[c a( 4 1 5  11? :[0(1 435 }1/,
rcspcc[ivcly.  ‘1’hc dcpar(orc of each of [hcsc transf ’ct func(iorls
frol]] [hc or)c Stlowri  irl fig. 7  fot a  si[]g,lc ~]air  Oi  p l a t e s  i s
prill)ariiy  Causc(l  t)y  partisi{ic  clcc[l  ical  artd  r!]ccllal]ical  Coo[]lir)s

hctv.,ccti the OILhOF,Ollal !imdes  wl)cf~ the p,ylo is at rcs( a n d  b y

tbc  lrlicrt)~,yrc)sco[)c.
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lhc sligll[ dif’fc[cmcc  bclw,ccn  t h e  ($ and a), f’ot e a c h  I,air of’

[~la(cs. ‘1’hcsc c u r v e s  Carl n o w  hc cflsily ])rcctictecl t)ller) a lull
ll~odcl of (he :,yro i s  c o n s t r i c t e d  by asse[llhlir[g to:,  c(hel  [}le

I]]odcl for tact] I]:iil of plates g,ivco in l;ig, 6 af stlowrt  in }i~,  9.
‘1’flc parasi[ic  Ilicctlarlic:il  c o u p l i n g  hctwfccn  ttlc clrive and scrlsc

]tmlcs WIICII (J): O is  rlm(lclcd  by ?lcjr;~l(, d 3j,,0~,,  w h i l e  t h e

1
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1
1
I
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400}17

I;lg. 1() ‘1’rarlsfcr fuoc[iorl  oh[aincd frorrl rrl(~dcl in
(’oriolis  Icrr]l  i s  givcrl  hy 3.,011{,.  “I”fic  [Ircdictiorls  01 this  lli<)dci

(V.itll (rJ, 3., = 0) arc show,rl  iri Fig.  10 :irld a r c  s e e r ]  t o  Il)atch

lvcll wilt) t h o s e  in };ig. 8. IMailcd  analy[ica] Cx[,rcssiorls
d e r i v e d  fron~ [t\c circui[ iii l;lg. g will hc givcrl  io a [Utulc l~aj)cr.

r

}ig. 1 1  lxcirit)f,  ard scnsi[lg  0[ rhc

I;ig, ti Jxpcrinlcrl[al  i)lots  f o r  t h e  cxcitd[ic~rl-[o-c)ti[l]Llt  trar]sfcr
flllirtion.

N1O1)lLI,  ING

‘[’t]~ lil~rii[l~~  C(lll;l[iorls of rll[ltiorl dlL.  V.frittc[l for [hc

all:ular  dis[]laccomts  01 OY arid + rllcasu[cd in [ILC coo[dina~c.,, ,
sys[cr]! tt]a[ ro(drcs wlttl tt]c rl]icr(~~:yrosco[]c” t]o~ls}rlg  T h e

Ccrltcr () is ass Llnd stariooary, OZ is rt,latiorl  arouocl [he posl (z)

axis, al]cl .t ard y arc lli~~ sj)rlt)g, axes , “1’bus, in this Systcnl, OJ

and ‘Y r(.l]rcsco[ r]lc’o<ur<ihlc, ocar-vcr[ ical ar~~, ular

clis[~l;)ccr!lc.rits, l;or s[~irl atx)u[ rhc z axis, Oz [c.r[lairls dccc,ul~lcd

I’rorl! 0,1 ard O~, all[l [01 Slllall 01, (IY, ard  f2~a), Lt)c  clowrlcaf

‘1’l]c acloatior),  or drive,  cilcoit is Icali?cd  by dcslg,oi!l~  arl
o s c i l l a t o r  ( t  I ( s ) )  arourd thr ttiicrogyrosco[w v,fllicll  loLks irt

oljro  rtic (Ir ivc  rL. sorlarlcc  rrloclc  as SIIOWII  irl }:1~,, 1 ]  “1 I)c pLIr~x~>c
01 su[r]l[)ir]f  t h e  sig,rlals  f!orll both scr!se JIlatcs is  [c) rcroovc  L}]c
(Iif’lcrcl]lial signal hctwccrl ttlcrl] aod herlcc t h e  rcs~)or]sc  o f  ttic
Scl)se rcsorlal]cc  frol]] t h e  t’ccdbaek loop, ‘1’hc scrtsc circLli[, on
tllc Otllcr  Ilar)(l,  sLtbtlac Ls tlic s i g n a l s  !rortl ho[h st>rlsc []latrs i II
mdcr  to rcrlmve  rllc c(lr]!rllorl-[ll(~(lc  (Ilivc signrrl.  A  lock-ir]
ZIllllliifr(. [ IS ll$cd Ill order 10 dctcc L a ([l  ffCICIl[i  211 Sip,  rl<l[  l[K\(l  Ccd

[Illc to r(l[aric>rl.
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I;ip,. I  2  Ro[ation  late rcsponslivity  of lhc clovcl-leaf  ilIicro-
gyloscopc,

“1’}Ic AllarI dcvia[  toll cl)ar~  (I;ig,, 13) Stlows  ttlc  lowest

(Ic[cc[at)lc  noise  equiv~ilclll  rola[ion  ra[c is aboot 9 0  dcg/b[ al an
inlc~, [a[ion  [Inic 0! I stumds.  “1’hc rise irl [tic noise at’tcr  (IIC I 5
sccold irl(cgralion  [il]lc is  IIlos[ly duc (0 dril[  i n  (IIC elec[lonics.
‘1’l)us,  tl]c bias  stahi]i[y  O( [Iiis nliclt)p,yrosucr[~c  s h o u l d  bc below,
29 &g/1,[.  ‘1’IIc pcr(clllll;lr~cc  of t h i s  ]tlicrc)-gyrclsccl[)c is Iin]itcd

b y  (he clc.u(lorlic circui( Close LI-lcmp c i r c u i t r y  i s  bcinp,
develrrpmi t o  ir[l[)rove [lie scnsilivi[y of’  ttlis nltcIc)gyIoscoIw  by
Iowcllng  rhc [I{)isc aId  rc(lLlci[lg [ l i e  diif[.  Inlprovctncnts itt [ h e
I’rdu lca[i(lli  nod asscn~bly  of the ]]ticrogyroscoIw  will  al low [he
usc 0!’  Q - f a c t o r  a m p l i f i c a t i o n  to inc[c.asc the serisitivily  0( ttle
dcvicc  hy a t  Ic:i<[  two to IIircc crrdc[s  of  rriagr]ittlde,  ‘I”his  will
a l l o w  [he clovc  [-leaf  rl}icrcl~yrmcopc  to trc LlsclLll in a[[itu(lc  and
navip,a(itrn  contloi  applica[iorls.

{: ON(:l,lJSION  A N ] )  FLJ’I’URI;  1’l,AN

‘ l ’ h i s  p a p e r  has rc[mr[cd  O(I t h e  dcsip,li,  l]~odclinp,,
f’atltica[ioll, a n d  Clltl[;lctclizil[ic)r] 01 a  novel silicoo bulk
rllic[c)l]l:lctlirjccl vibratory ,gyloscopc (lcsig[lc(l fc)r ltlicl[)-
SIJdCCClilf[  iij~l~liC:lliOllS, /\ rllicrogyroscopc prcrtotyi)c  tlla[ h a s
t)ccll fahricotc(l  so tar  ha< a  [ota[io[l  rcsponsitivi[y  (scale  fi~ctor)
ot’ 10.4r[l  V/dcg/scc  wirh < 1% nor]lincari[y  at an intcp,  ra[io[l
[illw of  I  smoncl,  ‘I”hc  Iowcs[  (Ic[cctablc  n o i s e  cquivalcr][
l<)[ti(ioll  rate is  90 dcy,/br  at an illlc~[atior]  til[lc of I sccor]d  “J’t]c
bias  stat)  ili[y  of  ttiis  Illicrugy[oscopr  i s  a t  o r  bct(cr  ttlar] ?9
dc~,/111. ‘1’tlc  fkiforj]lallcc  of this  lr)iclc]g:yr(jsc~~l]c  is li]]litcd  t,y
Illc clcc[lor]ic  circ Llit n o i s e  and drif[,  f’abr[ca[iol]  c~tors,  ar)(l
sl[css rcsultln~,  Iron) ttic :isscnjbly  p r o c e s s .  Ililf]rovc[llcl]ts  i []
tt]csc aft.:ls will  ILlltltcr iilurcase the sensi t ivi ty aid ill]ilrok,c (Ilc
dril[  ~IcfloIIIIal  Icc  0( [his rl)ic[ogyroscopc.

‘1’llis JI’1,/lJ~l, >\ c]ovcr-lcal  n)iclogyrosuopc  i s  plannccl as
d [jiggyt)ark spacc(’lisllt  cxpcrlnlcl]t  calld [hc Glrll]lclcial
I[:i[divarc  hlIcIwGyro ((t ip(i)  on the Mars  }’altlt’lrdcr s[accc[at’(
[() S[ll(ly rL-crt[ry dynar[]ics, 1’ACI1 n]]c[ogyroscope  i s
individual ly packaged  ill 2,5 x 3 x 0 . 4  irlcbcs  s[ainl  C$S stcci
c,!w,  I:(NII  sL!ctt pac’kagc’s  arc asscnlh!cd  on[o  tbc. rrmtbr’r  horrr(l
tvt]lutl cotlsis[s  of  u [I]crrllai  p l a t e  atl(l tllc di~ital  elcc[ronics f o r
c(~lr]t]lL]tlica[i[)[l  witt] [Ilc s[]acecfaft,  T h e  participotioo of  t h e
J1’1 JUC{ A clovcI-lcal  ]i]icrogyrc)scc~[~c’s  IIn [tic (lIoG sprrcc-
Ilip,tlt cx[)crllllcnt  h a s  [I[(]vidcd v a l u a b l e  ex~]cricrlccs  it) t h e
Irltvgration,  packagittg, and s p a c e  qualificat  iott of Micro-
rllachir]cd  fllcc(rc~hlcctt  zlr]ic:[l  Sys(c IT I (h4},hlS)  rrlicrodcviccs  f’or
sl~acc!’lig, tlt nlissions.

‘1’lw inllt]cdia[c  goals  tcrr t h e  J1’l~LJCl  A ]I]icrogyro  cf’tiort
irl [he Ilcxt few y e a r s  inclLidc I ) inlprove  [hc nlicro~ytoscopc
dcs]p,ll  [[)  acllicvc  I.1O dcg/tlr  h i s s  srahi]i[y  pcrlorrliar}ccl  2)
[lIOLIUCC a (lIICC-aXCS  Micro-l  ncr[ial  h’lcafurcll}cnt  U n i t  (MIMU)

cor]sis[in~  of  I]crlllc[ically  s c a l e d  nlicrogyrr)scopcs  l]ickag,cd
lvr[ll rllicio-:lccclcrol]lc~crs for space tli~,tlt validations i n
sjjacccriifl, 3) ir]vcstiga[r [IIC ISSUCS r e l e v a n t  m ttlc S[MCC
qLtalificatiorl  of the nlic[op,ylos, such as dcvlcc  Iil’ctilllc,  device
packagln~,  + ard  sLl[vivabili[y  (Iufing la Llrlcll a n d  ill t h e  space
ellvironnjcn[.

In conclusio[i, w,c ~lrcscll[ed a  new,  vi bla[ory rllic[o-
g,yILJSC(J,JC  ttla[ o~fel~ I]()[clltijll  a(lv:III[;igcs  o f ’  alt I](>s[  Ll[lli[[iited

Ol,cratiol):ll  I i i ’ c ,  hiyt) [Icrt’ol[l]arrcc,  cx[rcr]lcly  colli[lact  si~c,
low pow-r  opcraliorli and lotv cost for applica[iorls in inertial
[i:ivip,ation  and a[(i(udc control of lliicrc~s~~acccrilft.

I\ CKNC)l$TI,  Iil)Cr  NII; Nrl’S

‘ 1  tic a u t h o r s  [hank l)r. 1 ,in(la hlillcr  I’01 cr]couragelrwnt  ard
sll[,l)olt,  Wc }~,ive sf)ccial  thanks  t o  I)r. I’oul Maker  aIiLl R.ichalcl
ihlullrr t’or ttlc fahricatiorl ot’ c- beatri pho[oli[trog[aphic  rllasks,
‘1’tlc v,(ork dcsc[ibcd  i n  t h i s  [rapcr wa~ pcr(cJrllA b y  [t]c ~cntcr
1 0 (  space hlicroclcc[l(~nics “1’cchlwlo~y, Jet Propulsiorl
1 .:ib(]ra[ory,  Glilorrlla lnstltu[c  of  ‘1’cch[mlo:,y,  aId w a s
s[]c)r]s(~rcd  by Nla[ionrrl Acrorlau  Lies and Sp:ice )\(irlliI)istltl[i(]rr,
[)ttl(’c  [)t’ S[]acc  Access and ‘[”cchol[]~,y.
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